Abstract. Non-small cell lung cancer (NSCLC) is responsible for the highest number of cancer-associated mortalities worldwide, and the five-year survival rate is <15% following the initial diagnosis. MicroRNAs (miRNAs) serve important functions in a number of human diseases, including cancer. The present study investigated the expression status, clinical relevance and functional role of miRNA in NSCLC. miRNA expression profiling was performed in lung adenocarcinoma and adjacent unaffected lung tissues using 47 groups of fresh-frozen (FF) and 45 of formalin-fixed, paraffin-embedded (FFPE) samples from 11 pulmonary bulla. miR-21, -30e, -363 and -623 were further examined for differential expression in two independent cohorts. Other miRNAs, including miR-5100 and miR-650, were upregulated, while miR-10a and -26b were downregulated in FF NSCLC tissues. The associations between these miRNAs and their clinicopathological features were also investigated. miR-363, -10a and -145 were associated with lymph node status (P= 0.002, 0.005 and 0.007, respectively) and miR-650 and -145 were associated with differentiation (P=0.01 and 0.05, respectively). No associations were identified for the other miRNAs examined. In the FFPE NSCLC samples, miR-30e-5p correlated with the differentiation of the tissue (P= 0.011). The present study indicates that these miRNAs may be appropriate candidates for molecular diagnostic and prognostic markers in NSCLC.
Introduction
Lung cancer is the leading cause of cancer-associated mortality worldwide, and the majority of broncogenic carcinomas are cases of non-small cell lung cancer (NSCLC) (1) . NSCLC can be histologically subdivided into four major subtypes with distinct pathological characteristics as follows: i) Adenocarcinoma; ii) squamous cell carcinoma; iii) large cell carcinoma; and iv) 'other', including neuroendocrine cancer and carcinoids (2) . NSCLC is often diagnosed at the advanced stages of disease progression, resulting in a poor prognosis and an overall five-year survival rate of ~14%. However, the five-year survival rate in patients with stage I NSCLC that has been resected can be as high as 83% (2, 3) . Despite improvements in early diagnosis and treatment responses, the overall five-year survival rates for NSCLC patients remains low (15%) and the recurrence rate is high, even in cases with early diagnosis (4) . The identification of biomarkers for lung cancer may aid early diagnosis and accurate prognosis. Therefore, it is important to identify novel and reliable biomarkers for molecular targeted therapy.
Advances in genomic technologies have generated numerous candidate biomarkers with potential clinical value in NSCLC. A complementary approach to performing gene expression profiling in NSCLC is to analyze microRNA (miRNA) expression signatures. miRNAs are a class of short RNAs that are 19-25 nucleotides in length and regulate gene expression by binding to sequences in the 3'-untranslated region (3'UTR) of an expressed mRNA. This results in modulation of translation efficiency or degradation of the targeted mRNA (5) . miRNAs have been associated with cell signaling pathways involved in cell differentiation, proliferation and survival. The aberrant expression of miRNAs has been demonstrated in a number of different types of tumor (6) , including lung cancer (7) . miRNA profiling has Role of deregulated microRNAs in non-small cell lung cancer progression using fresh-frozen and formalin-fixed, paraffin-embedded samples been proposed as a strategy for classifying NSCLCs, and appears to be reliable in certain cases (8) (9) (10) . Increasing evidence suggests that miRNAs are expressed aberrantly in numerous types of human cancer and that they serve a significant role in carcinogenesis and cancer progression (11) . Aberrant expression of miR-21 has been associated with several types of cancer, and a previous study demonstrated that it is overexpressed in tumor tissues of patients with advanced-stage NSCLC. In addition, the miR-12 target PTEN, which is a negative regulator of the PKB-AKT pathway, is involved in NSCLC cell line invasion (12) (13) (14) . A previous study demonstrated that miR-125a-3p and -5p are downregulated in primary NSCLC tumors, but that they serve an opposing role in lymph node metastases (15) . miR-328 and miR-206 have also been associated with NSCLC brain metastasis (16, 17) . Arora et al (16) reported that miR-155 is overexpressed in adenocarcinoma, and further studies have demonstrated miR-155 overexpression in squamous cell lung cancer (18, 19) .
Differential expression of miRNAs has been observed in previous studies of lung cancer and adjacent normal tissues (18, 20) . In order to identify novel biomarkers of lung cancer, a number of investigators have performed miRNA expression profiling studies in cell lines, tissue samples or serum samples (21) (22) (23) . In the present study, the expression levels of 15 miRNAs were examined using reverse transcription-quantitative polymerase chain reaction (RT-qPCR) in NSCLC and adjacent normal tissues. The expression levels of the 15 miRNAs were also determined by RT-qPCR in formalin-fixed, paraffin-embedded (FFPE) tissue from NSCLC and non-carcinomatous (pulmonary bulla) tissues. The aim of the present study was to identify possible candidate miRNAs to be used as biomarkers for NSCLC.
Materials and methods
Ethical statement. All samples were obtained from the Affiliated Hospital of Guangdong Medical University (Zhanjiang, China). The study protocol was approved by the institutional review boards of participating centers (Affiliated Hospital of Guangdong University). Written informed consent was obtained from all patients.
Samples. Tissues were obtained from 47 patients with NSCLC diagnosed between January 2013 and March 2014. The samples were as follows: Fresh-frozen (FF) tissues resected from the 47 patients (n=140, 47 NSCLC samples, 46 samples of tissues adjacent to the carcinoma and 47 samples of normal lung tissues) and 56 samples from FFPE tissues (n=56, including 45 carcinomatous NSCLC tissues and 11 non-carcinomatous pulmonary bulla samples). The samples were analyzed histologically to assess the level of tumor component (a minimum of 80% tumor cells) and the quality of the harvested material. Paracarcinomatous tissues adjacent to the tumor (distance from the primary tumor <2 cm) and normal tissues (distance from the primary tumor >5 cm) were defined histologically using classical pathological approaches (24) .
Clinical and pathological data were obtained from the medical records and centrally reviewed for the purpose of the study. Clinicopathological information [smoking, age, gender, pathologic subtype, tumor node metastasis classification, tumor stage, lymph node stage, differentiation status and adjuvant therapy following surgery] from all patients that participated in the present study is summarized in Tables I and II. RNA extraction. The total RNA was extracted using TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) and reverse transcribed using a miRcute miRNA First-strand cDNA Synthesis kit (Tiangen Biotech Co., Ltd., Beijing, China). Unstained FFPE tissues were sectioned at 10-μm thickness and 6 tissue sections were placed into a 1.5-ml tube. The sections were deparaffinized by adding 1 ml xylene (Guangzhou Chemical Reagent Factory, Guangzhou, China) and the sections were vortexed vigorously at room temperature for 3 min. Following washes in 70% and absolute ethanol to remove xylene, the RNA was extracted with the miRNeasy FFPE kit (Qiagen China Co., Ltd., Shanghai, China). Following extraction, all RNA samples were stored at -80˚C until use.
Quantitative polymerase chain reaction (qPCR). All miRNA expression levels were quantified via qPCR using primers designed by Tiangen Biotech Co., Ltd., an miRcute miRNA qPCR Detection kit (SYBR Green) (Tiangen Biotech Co., Ltd.) and a Rotor-Gene Q 2plex HRM System (Qiagen China Co., Ltd.). All the samples were normalized against the endogenous control snRNA U6 and fold changes were calculated relative to the control. The relative expression levels were calculated using the 2 -ΔΔCq method.
Study selection. The online literature database PubMed was used to identify lung cancer miRNA expression profiling studies published from January 2003 until May 2014 (last accessed on 15 May 2014), by means of the 'Medical Subject Heading' terms: 'NSCLC' and 'microRNAs' in combination with the keywords 'profiling' and 'humans'. The results of previous studies to identify circulating miRNAs specific to lung cancer were inconsistent (24) (25) (26) (27) , and potential biomarkers remain to be elucidated and exploited. Based on these previous findings, a list of 15 miRNAs was compiled, whose expression has already been reported as deregulated in cancer, or has not been investigated (Table III) .
Statistical analysis. SPSS software, version 17.0 (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. The Wilcoxon test was used to examine the differences of miRNA expression between lung carcinoma and normal subjects; a Spearman's Rho test was performed to compare the relative expression of miRNA. Pearson's Correlation Coefficient was used to analyze the association between the expression of miRNAs and clinicopathological features of the patients. Experimental data were expressed as the mean ± standard error. To compare the means of two groups, a two-tailed Student's t-test was used and P<0.05 was considered to indicate a statistically significant difference.
Results

MicroRNA signatures can efficiently distinguish NSCLC tissues from adjacent normal tissues.
A meta-analysis of human lung cancer microRNA expression profiling studies Poorly (40) Moderately (33) High (27) (18,21,28,29) was performed, which identified 15 miRNA genes of possible interest. The initial investigation sought to determine whether the expression of any of the 15 miRNAs was able to identify malignant NSCLC tissues in Chinese patients. Primary NSCLC lung cancer tissues (T), paracarcinomatous tissues (P) and their corresponding adjacent normal lung tissues (N; ≥5 cm from the tumor) in 47 patients were examined using microRNA-specific reverse transcription-qPCR (RT-qPCR). The relative expression level of the following microRNAs significantly differed between T, P and N tissues: miR-21-5p, -10a-5p, -26b-5p, -363-3p, -5100, -623, -650, -145-5p and -30e-5p (Fig. 1) . miR-21-5p was upregulated in 32/47 NSCLC cases (68.1%, P<0.001). By comparing NSCLC with normal lung tissues, NSCLC with paratumor tissues and paratumor with normal lung tissues, 9 miRNAs were identified with significantly different expression levels (Table IV) .
Validation of the selected miRNAs expression in FFPE tissue.
It was hypothesized that FFPE tissue storage may improve the stability of mRNA (30) . To determine if the identified miRNAs could be reliably detected in the specimens, and whether the previously identified miRNAs (miR-21-5p, -10a-5p, -26b-5p, -363-3p, -5100, -650, -145-5p, -30e-5p and miR-623) were differentially expressed in FFPE samples from NSCLC compared with those from pulmonary bullae, their expression levels were quantified by RT-qPCR. Each of the 15 miRNAs presented Ct values ≤40, indicating that the Table III . List of miRNA probes used to profile tissue samples from non-small cell lung cancer.
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Hsa-miR-10a-5p Hsa-miR-21-5p Hsa-miR-26b-5p Hsa-miR-17-3p Hsa-miR-211-3p
Hsa-miR-1246 Hsa-miR-5100 Hsa-miR-181a-5p Hsa-miR-363-3p Hsa-miR-650
Hsa-miR-623 Hsa-miR-145-5p Hsa-miR-155-5p Hsa-miR-125b-5p miRNAs could easily be measured in these FFPE samples (data not shown). In addition, the median 2 -ΔΔCq levels of miR-623, -21-5p, -30e-5p and -363-3p were significantly different between NSCLC and pulmonary bulla patient samples (Fig. 2) , whereas the observed level of miR-26b-5p, -5100, -650 and -145-5p did not differ significantly between NSCLC and pulmonary bulla patients (Fig. 2) .
Association between clinicopathological characteristics and differentially expressed miRNAs in NSCLC.
The association between the differentially expressed miRNAs and the clinicopathological features (such as clinical stage, lymph node status, tumor size, histological classification and differentiation) of the associated tumors, was analyzed. miR-363, -10a and -145 were associated with lymph node Table I ). No association was identified for the other miRNAs examined. In the FFPE NSCLC samples, miR-30e-5p correlated with the differentiation of the tissue (P= 0.011) in these patient samples (Table II) .
Discussion
The critical role of miRNAs in cancer has become increasingly apparent. Previous studies have demonstrated that these small regulatory RNA molecules participate in a diverse set of cell signaling processes, including apoptosis, cell proliferation and epithelial-to-mesenchymal transition (12, 21, 31, 32) . In the present study, miRNA expression levels in NSCLC tissues and their corresponding normal lung tissues were quantified using RT-qPCR analysis. The present study identified 8 miRNAs that were significantly differentially expressed in the NSCLC tissues compared with the corresponding normal specimens, of which 4 miRNAs were upregulated and 4 miRNAs were downregulated. The data presented in the current study are in agreement with the results of previously published miRNA profiling results (18) . To the best of our knowledge, the present study is the first to report the differential expression of miR-5100 in cancerous tissues and is the first to report altered miR-363-3p expression in lung cancer. The expression level of miR-145 was associated with the differentiation and lymph node status (P= 0.05 and 0.007, respectively) and mir-650 was associated with the differentiation status (P=0.01).
A previous study reported that hsa-miR-145 expression levels are reduced in colon cancer (33) , which was also reflected in NSCLC tissues in the present study. In addition, the present study also demonstrated that hsa-miR-145 expression levels were associated with lymph node status (P=0.007). Upregulation of hsa-miR-21 expression levels has been observed in a number of human cancer specimens and it has been demonstrated that hsa-miR-21 targets and downregulates the tumor suppressor gene, tumor suppressor tropomyosin 1 (34) . In the present study, compared with normal lung tissue, the expression level of miR-21-5p was observed to be increased in the paratumor tissues, and further increased in the NSCLC tissues (Fig. 1A) , suggesting that increased miR-21-5p expression may also be involved in the development and progression of lung cancer.
A previous study identified a 5-miRNA signature (hsa-miR-155, hsa-miR-17-3p, hsa-let-7a-2, hsa-miR-145 and hsa-miR-21) whose expression was significantly increased in lung squamous cell carcinoma tissue samples compared with normal lung tissues, and it correlated with the prognosis and survival outcome of the patients (35) . However, this 5-miRNA signature did not significantly predict patient outcome in the data set from the present study, in which miR-17 and miR-155 expression levels were not significantly altered in the NSCLC tissue.
A previous study reported that miR-181a expression is upregulated in papillary thyroid carcinoma (36) , while others have reported it to be downregulated (37, 38) . No changes in miR-181a expression levels were observed in the NSCLC tissues in the present study, in contrast to Gao et al (38) , who observed low expression levels of miR-181a in tissues from 
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NSCLC patients. This difference may be due to the different tissue processing methods and the sample origin. The present study also identified that miR-30e-5p is significantly downregulated in NSCLC tissues, by comparing FFPE non-cancerous adjacent tissues and NSCLC tissues. This result is consistent with Markou et al (24) who also observed downregulation of miR-30e-5p in an independent group of 40 matched fresh-frozen tissues, 37 plasma samples from NSCLC patients and 28 healthy donors. Consistent with a previous study (39) , the present study demonstrated that miR-30e-5p expression was significantly upregulated in paratumor tissue compared with adjacent lung tissues or tumor tissues, however, no significant differences were identified between miR-30e-5p expression in tumor and adjacent normal lung tissue. Furthermore, miR-30e-5p expression was significantly associated with the tissue differentiation in FFPE samples (Fig. 1D) .
In the present study, miR-650 expression levels were significantly higher in NSCLC tissues than in adjacent non-cancerous tissues (Fig. 1E ) and associated with differentiation (Table I) . Similarly, Huang et al (40) previously demonstrated that miR-650 expression levels were upregulated in human lung adenocarcinoma tissues and correlated with advanced clinical stage and a higher incidence of lymph node metastasis (40) . However, in the FFPE samples examined in the present study, no significant change in miR-650 expression level was observed, which may indicate that the stability of mRNA is an issue with regard to extraction from FFPE tissues is necessary (data not shown).
The downregulation of miR-623 expression levels in malignantly transformed oral leukoplakia has previously been observed (41) . However, in the present study, miR-623 was significantly upregulated in tumor tissues compared with adjacent normal tissue (P<0.01; Fig. 1F ). Overexpression of miR-623 has also been observed in esophageal cancer tissues compared with tissues adjacent to the tumors (24) .
There have been few studies investigating miR-363 expression levels in different types of human cancer. To the best of our knowledge, the present study reports for the first time that miR-363 is downregulated in NSCLC tissues compared with the non-cancerous adjacent tissues (Fig. 1H) . miR-363 has been proposed as a novel biomarker for the diagnosis of colorectal cancer (42, 43) , and it is downregulated in head and neck squamous cell carcinoma tissues with lymph node metastasis (44) .
Furthermore, the present study demonstrated for the first time that miR-5100 is upregulated in NSCLC compared with its corresponding adjacent normal tissue. Fig. 1G indicates that, compared with normal lung tissues, the expression level of miR-5100 is increased in paratumor tissues, and further increased in tumor tissues; a gradual increase was observed.
A previous study demonstrated that miR-10a-5p expression levels were significantly different in acute myeloid leukemia compared with control serum samples (45) . The results of the present study demonstrated that miR-10a-5p expression levels in NSCLC tissues were downregulated compared with normal tissues (Fig. 1I) , and that they were associated with lymph node status (P= 0.005).
Previous studies have indicated that RT-qPCR can be performed to quantify miRNA expression using archival FFPE tissue samples (46, 47) . The present study employed FFPE tissue samples from lung cancer and normal tissues to identify miRNAs deregulated in patients with lung cancer: miRNA-21-5p was upregulated and miR-623, -30e-5p and -363-3p were downregulated in lung cancer samples compared with control pulmonary bulla specimens. In addition, the expression level of miRNA-30e-5p was associated with the differentiation status of the tumor (P= 0.011; Table II ). However, no alteration in the expression levels of miR-145-5p, -26b-5p, -650, -5100 and -10a-5p was detected in FFPE tissue samples compared with normal pulmonary bulla tissues. One possible explanation is that the formalin cross-links that form between proteins and nucleic acids in the tissue complicates the quantification of the miRNAs (48) . Alternatively, the RNA is significantly damaged prior to, during and following the FFPE procedure and is degraded into fragments <200 base pairs in length. Thus, the efficiency of RNA extraction and RT are reduced and as a result, the quantification of RNA extracted from FFPE tissues using PCR-based methods is less reliable than in frozen tissues (49) .
The following limitations of the present study should be taken into consideration: i) The sample size is relatively small. A larger scale study to confirm these data is required; ii) the precise mechanisms by which these miRNAs and their target mRNAs regulate NSCLC progression remain largely unclear and further mechanistic and external validation through in vitro and in vivo studies are required to determine the clinical significance of miRNA expression and their role in the development of NSCLC; and iii) the current study is retrospective, with limited scope for generalizability as all the patients were from China, and the distribution of clinical characteristics may be different in patients from other countries of other ethnicities.
In conclusion, the present study demonstrated aberrant expression of 8 miRNAs in tissues from patients with NSCLC. miR-650 and miR-10a were aberrantly expressed, miR-145 was associated with lymph node metastasis; and miR-650 was associated with differentiation. The present study demonstrates for the first time that miR-5100 is upregulated and that miR-363 is downregulated in NSCLC and associated with lymph node metastasis. The expression levels of miR-26b-5p, miR-1246, miR-211-3p and miR-125b-5p were unchanged in the NSCLC tissues, in contrast with previous reports that observed upregulation or downregulation of these miRNAs in melanoma, multiple myeloma or hepatitis B virus-related hepatocellular carcinoma (47, 50, 51) . The present study provides further experimental data for these candidate miRNAs in order to aid the identification of reliable molecular diagnostic and prognostic markers of NSCLC in the future.
